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Carbon capture and storage (CCS) has been gathering the momentum, which aims to prevent the 27 release of large quantities of carbon dioxide (CO2) to the atmosphere since it is considered to mitigate 28 the contribution of fossil fuel emissions to global warming and ocean acidification [1] . Carbon capture 
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Absorption is once considered as the most likely commercialized technology for CO2 capture. 
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temperature and CO2 adsorption capacity. The details of each step are illustrated as follows:
101
Step 1-2 is an adsorption process. In this process, gas mixture i.e. N2/CO2 flows into adsorption 
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Step 2-3 is a preheating process. After adsorption process, adsorption reactor is immediately 108 heated by heating medium e.g. hot steam. During the preheating process, temperature of 109 adsorption reactor is increased but no CO2 is desorbed, which could correspond to thermodynamic 110 process from point 2 to point 3.
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Step 3-4 is a desorption process. Temperature of adsorption reactor is increased and N2 purge is 112 used sequentially. After temperature reaching T3 of point 3, CO2 adsorption capacity for the reactor is 
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Step 4-1 is a precooling process. Cooling medium flows into the inner tube for removing the heat 
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It is worth noting that four cases in 
202
= 5 − 1
(1)
where q1, q2 and q5 are adsorption capacity of point 1, 2 and 5 in Fig.1b .
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CO2 recovery rate (ReCO2) is usually defined to evaluate CO2 separation performance, which could 
The minimum separation work (Wmin) for carbon capture system could be calculated by Gibbs 
Exergy efficiency is the ratio of the minimum separation work to actual work (Wr). Therefore, 
where WS is input work, QH is heat input of high temperature heat source, QL is heat output of low 
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The fourth term is reaction heat. q3 and q4 are desorption capacity of point 3 and 4 in Fig.1b .
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Heat recovery in this paper is analyzed theoretically, which indicates that Thr is the average value
224
of Th and TL. After heat recovery, heat input of 4-step TSA cycle is reduced as expressed equation 9.
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H ′ = ( s,CO2 + s,ad + s,re + s,L − hr )/(q3-q4)
where Qhr is the sensible heat of adsorbents and adsorption reactor which could be recovered in heat 
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Except for unused part of adsorption reactor, mass ratio is also usually used to evaluate thermal 362 performance in real application, which is defined as the specific value between mass of sorption reactor 
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TSA cycle in terms of different mass ratios is presented in Fig.13 . It is indicated that mass ratio has a 365 remarkable influence on exergy efficiency due to the increased heat input of adsorption reactor. With 366 the increased heat exergy input of metal part, exergy efficiency decreases with the increase of mass 367 ratio. When mass ratio increases from 0 to 8, exergy efficiency of 4-step TSA cycle without heat 368 recovery varies from 0.167 to 0.023, which is decreased by 86.5%. Heat recovery could be more 369 conducive to exergy efficiency of systems with high mass ratios. Through heat recovery, exergy 370 efficiency could be improved from 54.3% to 84.6% when mass ratio increases from 0 to 8. For 371 adsorption refrigeration, mass ratio between adsorbent and adsorption reactor is usually higher than 3
372
[30]. However, considering the system for CO2 capture, mass ratio could be controlled between 1 and 2.
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Even in this case, the improvement of exergy efficiency by using heat recovery could reach about 70%. 
